The study was conducted to investigate the influence of systematic effects on fertility traits in Swiss Brown cows. Days to first service (DFS), days open (DO), calving interval (CI), non-return rate 90 (NRR90), and conception rate to first service (CRFS) were analysed. The data set included records from 82,755 cows out of 1,674 farms in Eastern and Central Switzerland. The observation period lasted from January 1988 to May 2002. Housing system, lactation number, region, zone, calving/insemination season, (all fixed), and 305-day milk yield (covariable) were tested significant at a level of p < 0.05. The random effect of herd*year accounted for between 5.2 and 16.9 % of the total variance. Improved fertility results were consistently investigated in loose housing systems. DFS (67.8 vs. 71.0 days), DO (86.3 vs. 96.0), and CI (378.7 vs. 386.7) were shorter, NRR90 (66 vs. 61 %) and CRFS (52 vs. 44 %) were higher in loose housing systems compared to tie-stall barns. Cows in the first lactation had longer time intervals and lower success rates compared to cows in the second and third lactation. In higher lactation numbers, the reproductive performance consistently decreased. Cows in Eastern Switzerland had the first service 1 day later (69.7 vs. 68.8) compared to animals in Central Switzerland, otherwise the time intervals (DFS -0.9 days; CI -0.8 days) as well as the success rates (NRR90 +3 %; FSCR +4 %) were better. NRR90 and FSCR were highest in the insemination season from April to June (67 and 52 %, resp.). FSCR was lowest from January to March (48 %) and NRR90 had the lowest values from October to December (60 %). 
Introduction
Deterioration in fertility of dairy cows has become a main problem in present milk production. In Swiss Brown cattle, the interval from calving to successful insemination rose from 108 days in 1984/85 up to 119 days in 2001 /02 (SBZV, 2002 . Culling due to low female fertility represents even about 25 % of all cullings in Swiss dairy production (AEBERHARD et al., 1997; STAERK et al., 1997) . The economic losses due to poor fertility are costs of a prolonged calving interval, increased insemination costs, a reduced number of calves born, and replacement (ESSLEMONT et al., 2001) . The most important culling reasons within the reproduction-complex are failure to conceive, absent or unobservable cycle, and embryonic loss (SCHNYDER and STRICKER, 2002) . Fertility is not a single, it is a complex trait, that can be distinguished in two categories. On the one hand, there are fertility relevant time intervals like days to first service, days open, and calving interval. On the other hand, there are traits that correspond to fertilisation success, basically insemination index, conception rate, and non-return rate (PRYCE et al., 2000) . FOURICHON et al. (2000) and DISTL (2001) differentiated the effects influencing the reproductive performance in cow characteristics, climate and environment, herd characteristics, and herd management. An independent treatment of single factors is however not reasonable, because between the factors there are many interactions. The oestrus detection has, for example, major impact on the interval from calving to first service, and the milk yield is strongly affected by the feeding management, the lactation number, and the genetic merit (DISTL et al., 1998) . The evaluation of the reproductive performance should therefore always be carried out by considering all possible influencing factors. Especially time intervals largely underlie the farmer's reproduction management, i.e. the decision of the time of first insemination after calving and the efficiency of heat detection (BOICHARD and MANFREDI, 1994) . In contrast, fertilisation success measures are less affected by farmer decisions, since success of an insemination is always desired. The aim of this study was to analyse systematic effects on fertility traits of Swiss Brown cows in typical dairy production systems in Switzerland. Days to first service (DFS) , days open (DO), and calving interval (CI) were investigated, representing continuously distributed traits. Non-return rate 90 (NRR90) and conception rate to first service (CRFS) corresponded to insemination success and were treated as binary distributed traits.
Material and Methods

Study design
The data was provided by the Swiss Brown Cattle Breeders' Association. The farm location was limited to 15 cantons in Eastern (mainly St. Gallen, Thurgau, Zurich, and Appenzell) and Central Switzerland (mainly Luzern, Schwyz, Zug). In Switzerland, farms are generally classified in zones to describe site altitude, local climate, traffic circumstance, and topography (SR, 1998) . For this reason, farms out of three zones (valley, middle mountain, higher mountain) were considered. Additional farm requirements were a herd size greater than 10 cows and no alpine summer-pasturing of cows to avoid misclassification. The data recording was defined on the calving period from January 1988 to May 2002. Animal performance, insemination, and calving data were analysed from a total of 82,775 Swiss Brown cows out of 1,674 farms. Information about the housing system was additionally available. Tie-stall barns (T) and loose housing systems (L) were differentiated. When a farm changed the housing system from T to L, the exact point of conversion was almost not available. The only information was the type of barn presently existent on the farm: T, L, or T and L. In the case of T and L present side by side, the time interval from only T to only L was termed 'changing period' (C). C was considered as time span for both, the farmers and the cows, to adapt to the new environment. At the end of data recording, 1,045 farms had tie-stall barns and 629 farms were equipped with cubicles. During the period of data recording, 517 farms changed housing system from T to L. The median length of C was 891 days, ranging from 1 day to 7 years. The median number of cows in farms with T was 18.5 (range: 10 -67 animals) and 26.0 (range: 10 -74 animals) in farms with L. The random effect of herd*year considered in the statistical models accounted for different effects of environment and management, that varied over the years and were not documented systematically.
Definitions and data preparation
Days to first service (DFS) is defined as time interval between calving and the first subsequent insemination. Days open (DO) describes the time interval between calving and successful insemination. Both traits were checked for plausibility, following the requirements from PASMAN and REINHARDT (1998) . Observations with DFS and DO, resp., less than 20 or greater than 200 days were excluded from analysis. Thus, 249,141 records were analysed concerning DFS and DO. Calving interval (CI) is the time period between two consecutive calvings. It is only available for cows that conceive and calve again. The data was limited to between 260 and 600 days to eliminate outliners that may be due to early abortion or cows kept open for flushing to produce embryos for transfer (OLORI et al., 2002) . Further on, the age at first calving had to be in the interval of 20 to 42 months (PASMAN and REINHARDT, 1998) . The data file for investigating CI has only 161,253 records, excluding cows of lactation number 1. Non-return rate 90 (NRR90) and conception rate to first service (CRFS) are binary distributed traits. NRR90 characterises the percentage of animals that are not reinseminated within 90 days after the first service. CRFS is defined as the percentage of successful inseminations from all first inseminations. An insemination was considered 'successful' when a calving followed within 270 to 305 days after this insemination. All previous inseminations during the same lactation were considered infertile. Finally, 82,775 records of heifers and 166,386 records of cows were analysed.
Statistical Analysis DFS, DO, and CI represented continuously distributed traits and were analysed separately. In a first step, an F-test was conducted to obtain an indication about the importance (level of significance, p) of the fixed effects on each of the three traits. If p for a given factor was less than 0.05, this effect was included in the statistical analysis. The following linear mixed model was used, applying to the SAS-procedure MIXED (SAS, 2002 Associations between fixed effects and the binary distributed traits (NRR90, CRFS) were tested in two steps. First, a χ 2 -test was used to derive an indication about the importance (level of significance, p) of the fixed effects for each trait. If a factor was tested significant at a level of p < 0.05, a combined analysis was performed, applying to GLIMMIX (LITTELL et al., 1996) , a SAS macro based on PROC MIXED. The macro uses iteratively reweighed likelihoods to fit the generalised linear mixed model. The macro calls PROC MIXED iteratively until convergence, which is determined by the relative deviation of the variance estimates. The random effect of herd*year (σ 2 hj ) was also inserted in the statistical model. A Likelihood-ratio test was performed to test the hypothesis σ 2 hj = 0. The model for investigating NRR90 and CRFS of the cows was a threshold model. The same effects as in the previously described model were considered. Due to a lower number of observations in higher lactations, the highest level of lactation number was >4. Additionally, the fixed effect of days to first service was included in the investigation with 4 levels (<50, 50-63, 64-77, >77 days). NRR90 and CRFS of the heifers was also analysed with a threshold model. Region, zone, insemination season (all fixed), and herd*year (random) were consistently considered. Additionally the fixed effect of age at first insemination was tested significant, and therefore added to the model. Six classes were composed (<18, 18-<20, 20-<22, 22-<24, 24-<26, ≥26 months). Information about the housing of the heifers was not available. Therefore, the fixed effect of housing system was withdrawn from the model. Further on, the covariable of 305-day milk yield was excluded.
Results
Data overview
In Table 1 , characteristics of the data set are presented. The number of observations (n), means ( x ), standard deviations (sd), minima (min), and maxima (max), for different animal and fertility traits are described for cows and heifers, separately. Nonreturn rate 90 and conception rate to first service are displayed in percentage. 
Days to first service, days open, and calving interval
In Table 2 , p-values (p), Least-Square-Means (LSM), and Standard Errors (SE) for the fixed effects and additionally variance parameters (σ 2 ) for the random effects, influencing DFS, DO, and CI, are presented. All single factors were approved to be significant at a level of p < 0.01. Two-way interactions were also included, but did not show any significant effects. The random effect of herd*year accounted for 12.7 % of the total variance for days to first service (DFS) . Concerning days open (DO), herd*year accounted for 5.8 % on total variance, and for calving interval (CI) herd*year explained 5.2 % of the total variance. The covariable 305-day milk yield of present lactation was also significant at a level of p < 0.001. The b-values of 0.003 and 0.007, resp., show the amount of the fertility traits with increasing milk yield. The influence of housing system on the three analysed fertility relevant time intervals was similar, indicating that shortest intervals were realised in loose housing systems. Intervals were 3.2, 9.7, and 8.0 days shorter for DFS, DO, and CI, respectively, compared to tie-stall barns. During the changing period, all intervals lay in-between tie-stall barns and loose housing systems. The longest intervals for all three traits were observed consistently in primiparous cows. The intervals declined to the cows in fourth lactation, and then increased slightly to the cows in higher than fifth lactation. Animals in Central Switzerland had the first service one day earlier, but both, DO and CI, were one day more in comparison with Eastern Switzerland. The analysis indicated that cows in middle mountain had the longest intervals for all three traits. Concerning DO and CI, valley and higher mountain did not show any difference. Obvious tendencies were investigated for the effect of calving season on fertility. Longest intervals were consistently recognised in season April to June. January to March-season was only marginally better. Shorter intervals by far were observed in cows calving in the second half of the year. The differences between best and worst calving season accounted for 2.9 (DFS), 4.8 (DO), and 20.9 days (CI), respectively. Table 3 illustrates p-values, LSM and 95 % confidence limits for NRR90 and CRFS in cows. Variance components (σ 2 ) for the random effects are additionally presented. The random effect of herd*year explained about 10.1 % of the total variance in NRR90 and about 12.3 % of the total variance in CRFS. Both, NRR90 and CRFS were highest within the changing period (0.67 and 0.55) and slightly lower in loose housing (0.66 and 0.52). In tie-stall barns, NRR90 and CRFS were significantly lower (0.61 and 0.44). Concerning lactation number, NRR90 and CRFS had varying trends: NRR90 increased continuously from lactation number 1 (0.59) until lactation greater than 4 (0.67). In contrast, CRFS increased to the maximum in the third lactation (0.54) and declined to the lowest level in lactation number > 4 (0.46). In Eastern Switzerland, NRR90 was 3 % and CRFS was 4 % higher compared to Central Switzerland. Regarding the zones, NRR90 and FSCR varied only marginally. Obvious differences were identified between the insemination seasons. NRR90 was highest for inseminations from April to June (0.67), approximately 5 % higher compared to other seasons. CRFS differed in a range of 4 %, with best values for cows inseminated in spring (0.52) and summer (0.51). A major impact on NRR90 and CRFS was analysed for the effect of days to first service. When the first insemination was practised until day 50 of the current lactation, the fertility results were lowest by far. NRR90 and CRFS were 11 and 13 %, resp., higher if the cows were inseminated in the interval from 50-63 days. The best NRR90 and CRFS were realised when the inseminations were terminated later than 77 days post partum. In Table 4 , LSM and confidence limits of NRR90 and CRFS as well as variance components for the random effects are displayed for the heifers. The random effect of herd*year explained 16.9 % of the total variance in NRR90 and only 6.1 % of the total variance in CRFS.
Non-return rate 90, conception rate to first service
The differences between regions and zones in NRR90 and CRFS were only marginal. NRR90 was highest if heifers were inseminated from April to June (0.82), and from July to September (0.81). Lowest NRR90 was observed in the service season October to December (0.72). CRFS ranged between 59 % (April-June; October-December) and 61 % (January-March). The age at first service significantly influenced both, NRR90 and CRFS, but in different ways: Highest NRR90 was identified in very young heifers (0.87), declining stepwise until the group of the oldest heifers (0.64). In contrast, CRFS slightly increased with age at first service. Discussion There are many parameters to describe the reproductive performance of dairy cows. Time intervals on the one hand and measures referring to insemination success on the other hand were commonly used for quantifying the fertility situation of dairy cows. Moreover, interrelations between animal factors and management tools are frequently observed, for example the farmer's decision in the age at first service or the voluntary waiting period after calving. FOURICHON et al. (2000) defined 4 complexes (climate and environment, herd management, herd characteristics, and cow characteristics) that basically summarised the single effects. The main topic of this study was to compare the influence of tie-stall barns versus loose housing systems on fertility in Swiss Brown cows. Several single factors, such as exercise and space, animal contact, lighting conditions, hygiene etc. influence cow fertility. In the present study, housing system was taken as superior term representing these numerous single factors due to missing information. For all three time intervals (DFS, DO, and CI) as well as for NRR90 and CRFS, better results were found for cows in loose housing systems compared to animals in tie-stall barns. DÜRING (1987) investigated a high significant effect of the housing system on different fertility parameters. In agreement, better fertility results were found for loose-housed cows. The difference between tie-stall barns and cubicles in days open was 15.6 days and in calving interval 6.0 days. The predominance of the free stall became approved by the investigation of VALDE et al. (1997) . They found a significant better fertility status index, generated out of non-return rate, insemination index and days open, for cows in cubicles. The authors explained that oestrus detection was much easier in free stalls. In the study of RATNAYAKE et al. (1998) , days to first service and days open were 3.3 and 11.2 days, resp., shorter for cows housed in loose barns. Distinct oestrus symptoms and therefore a better date of artificial insemination explained this fact. In addition, the authors suggested that daily exercise after calving had a positive effect on oestrus cycle, what led to an earlier insemination. This assumption was confirmed by REHN et al. (2000) , who mentioned a positive effect of exercise and animal contact on the reproduction performance. They calculated that the interval from calving to successful insemination was 13 days shorter for loose-housed cows. It becomes apparent that due to exercise and better animal contact, oestrus symptoms can be detected more precise in loose housing systems, and therefore the reproductive performance was better. Sexual maturity is determined by the genetic disposition associated with the feeding regime of the farmer. In the present study, the age at first calving had strong impact on NRR90. JANSON (1980) indicated that within heifers, the age had no significant effect on fertility. Only if heifers were inseminated so early in life that some of them had not reached sexual maturity, fertility was lower (PLATEN et al., 1999) . This is in accordance with the results of HYPPÄNEN and JUGA (1997) , who detected highest non-return rates in heifers between 20 and 30 months at first service. Younger heifers less than 20 months showed 4 % lower non-return rates. In this study, the heifers had obviously reached sexual maturity, proved by NRR90 highest in young heifers < 18 months. According to this, DÜRING (1987) found a tendency towards better subsequent fertility results when the age at first calving was lower. The author suggested that increasing adiposis of reproduction organs might explain the decrease in fertility with inclining age.
The 305-day milk yield was significant on all fertility traits at a level of p < 0.001. With increasing milk yield, fertility results declined. Numerous studies also indicated an antagonistic relationship between higher milk yield and reproductive performance (NEBEL and McGILLIARD, 1993; SEELAND and HENZE, 2003) . FAUST et al. (1988) derived that each 1000 kg increase in FCM resulted in markedly decreased fertility results. There were 2.1 to 2.7 more days to first service, 7.5 to 8.5 % lower CRFS, and 0.25 more inseminations per conception. NEBEL and McGILLIARD (1993) reported that selection for milk yield has increased blood concentrations of somatotropin and prolactin, stimulators of lactation, and decreased insulin, a hormone that is antagonistic to lactation and may be important for normal follicular development. These changes in hormone concentrations promote higher milk yield but may be potentially detrimental to other physiological functions, such as reproduction. A management factor strongly associated with milk yield is feeding and energy supply of dairy cows in the postpartum, or rather service period. The level of negative energy balance alters hypothalamic secretion of GnRH and its effect on gonadotropin secretion, and therefore, ovarian secretion of progesterone. Progesterone on his part affects oestrus expression and supports the uterus during early pregnancy. The lactation number is of special interest concerning fertility results. Basically, fertility intervals and rates were worse in primiparous cows. This observation is in accordance with other studies, reporting lower fertility observed in first parity compared with second and third parity cows (LUCY et al., 1992; HYPPÄNEN and JUGA, 1997) . LUCY et al. (1992) confirmed that lower energy balance in first lactation cows was associated with delayed intervals to first ovulation. ROCHE et al. (2000) pointed out that the nutritional management of cows in the periparturient and the early postpartum period is a main factor contributing to a high reproductive efficiency. In this study, NRR90 was at a constant level regarding rising lactation number, whereas CRFS declined. In a large sample of Holstein cows in France, BOICHARD and MANFREDI (1994) evaluated a continuous decline in CRFS from 54 % in first to 38 % in seventh lactation. They suggested a true age effect and a selection of cows on production as reasons for this trend. MARTI and FUNK (1994) suggested that older cows had more DO because of more reproductive diseases and stress associated with high yield. It becomes quite evident that today's high yielding dairy cows must be fed adapted optimally to their age, to their production level, and to their body condition, both in pre-and in postpartum period. The herd*year effect, representing the overall reproductive management program on each farm, was considered as a main factor influencing fertility (EVERETT and BEAN, 1986) . In their analysis, conception rate differed by ± 8.3 % from herd to herd. NEBEL and McGILLIARD (1993) concluded that two daily management decisions had the most impact on an efficient reproductive performance, heat detection on the one, and voluntary waiting period until insemination on the other hand. Heat detection routines have been considered to be the major management procedure affecting fertility relevant interval parameters. Insemination management, i.e. decision of insemination yes/no, and subsequent insemination supports good fertility. Many studies have dealt with this first point, mainly expressed by the variable 'days to first service'. The present investigation pointed out a strong relationship between DFS and NRR90 and CRFS, resp., indicated by inclining values with DFS. After BOICHARD and MANFREDI (1994) conception rate to first service is mainly influenced by the calving-insemination interval. Conception rate to first service was very low just after calving, arising rapidly to 60-70 days p.p. This level was stable up to 100 days p.p. and further on, gradually declining. The authors confirmed that less fertile cows, either high yielding or having short and silence oestrus, were inseminated later. Non-return rates were also strongly affected by calving-insemination interval (HYPPÄNEN and JUGA, 1997) . There was a linear influence with non-return rate increasing when interval lengthened. COLEMAN et al. (1985) found that days open was least in highproducing herds. Days to first service increased with production of the individual cow. The authors assumed that herd managers intentionally delayed first service of highproducing cows. MARTI and FUNK (1994) discussed producers' intentional delays in breeding the high producing cow. Besides management, there are several natural factors contributing to 'environment'. The influence of regions or zones on fertility traits was controversially discussed in previous studies. JANSON (1980) suggested that it is difficult to compare fertility parameters between different geographical locations due to varying seasonal risk factors. Besides the level of nutrition and exercise, photoperiodism and temperature were the main factors responsible for seasonal variation in fertility. Increasing daylight seemed to have a stimulating effect on conception, indicated by shortest fertility relevant time intervals for calving in the summer months. Similar results were evaluated by BOICHARD and MANFREDI (1994) . NRR90 was best in the insemination period April-June and worst in October-December. HYPPÄNEN and JUGA (1997) also found best non-return rates during the pasture period. Results were decreased in autumn and poorest during winter and spring months. REURINK et al. (1990) analysed lowest NRR in the winter season (November-February) and highest in late spring season (May-June). COLEMAN et al. (1985) observed that cows calving in spring had first oestrus nine days later than cows in other seasons. During warmer summer months, cyclic reproductive activity was reduced. EVERETT and BEAN (1986) found highest conception rate in June (53.8 %), and lowest rates in January (51.6 %) and the summer months (July, 51.6%, August, 50.1 %, September, 51.9 %). The authors supposed that both, high and low temperatures, had negative effect on reproductive performance. FAUST et al. (1988) observed in primiparous Holsteins a wide variation in fertility traits across months. The interval from parturition to first insemination was shortest in February (72.4 days) and longest in May and June (81.2 days each). First service conception rate was highest and number of services was lowest in calving December (56.7 %, 1.80 services). Possible reasons in that study were heat stress during summer and the shortage of labour and time of the producers.
